Objective: This study was performed to determine if there were fewer spontaneous arousals in prone sleep than in supine sleep.
Introduction
Prone sleeping position has been shown to increase the risk for Sudden Infant Death Syndrome (SIDS). [1] [2] [3] [4] [5] There is an increased risk for SIDS due to prematurity and low birth weight which further increases the risk when compared with full-term infants. 6 The incidence for SIDS is highest between 1 and 4 months (corrected) age for the premature infant. 7 Our previously reported sleep studies in preterm infants at 1 and 3 months of age did not show a significant effect of sleep position on the amount of time in Quiet Sleep (QS), Active Sleep (AS), and Indeterminate Sleep (IS). 8, 9 Several recent papers have shown that the response to an external stimulus (provoked arousal) is greater during supine (i.e., infants were more responsive) compared with prone sleeping position for preterm and term infants. [10] [11] [12] [13] In this paper, we have studied spontaneous arousal during both prone and supine sleep and have carried out a secondary analysis in a subgroup of preterm infants in whom we reported the effect of sleep position on sleep organization, duration and heart rate variability at 1 and 3 months of age. 8 We hypothesized that the intervals between arousals would be longer, and the duration of the arousals shorter in prone vs supine position as has been previously reported by others during provoked arousals.
Methods
Fourteen 'healthy' preterm infants born with gestational age of 34±2 week and 2325±493 g birth weight were studied: four infants were recorded at 1 month corrected age, nine at both 1 and 3 months, and one only at 3 months. These were low-risk preterm infants, who had no medical problems at discharge and at the time of recordings.
Recording methods
Polysomnography and simultaneous video recordings were made during daytime nap between two feedings. The recordings were done at the home for each infant with an ambulatory digital recorder (Embla, Flaga, Iceland). The following variables were recorded: two channel electroencephalogram (EEG) (C4/A1 and C3/A2), electrooculogram (EOG) (left and right outer canthus), electromyogram (EMG) (submental), an electrocardiogram (lead II), airflow was measured with thermistor (#974 & #978, Sandman, Nellcor Puritan Bennett, Pleasanton, CA, USA) and thoracic respiratory effort by strain gauge (Crystal Trace, Pro-Tech Services Inc., Woodinville, WA, USA), in addition to transcutaneous oxygen saturation (Embla, Flaga, Ireland). All data were continuously stored on a laptop computer for later analysis using Somnologica s software (Flaga, Iceland). Infants were recorded while sleeping in both prone and supine. 
Arousals
We used the novel criteria for scoring of cortical and sub-cortical arousals in infants, which have been developed and published with colleagues in Europe and the United States. [15] [16] [17] Onset and offset of each gross body movement observed on video was used to define the start and the end of each arousal episode. The minimum duration of these movements was 3 s. Body movement episodes that lasted for more than 60 s were considered awakenings, and thus were not scored as arousals. Startles and twitches during sleep were not considered 'arousals' as these are behaviors of quiet and active sleep.
A minimum of 10 s of undisturbed sleep was required before the next arousal could be scored.
Changes were measured in the following physiological variables during these episodes of spontaneous body movements.
ECG
Using a software program (Somnologica s ), beat to beat heart rate variability (HRV) was derived from the ECG channel. The mean and standard deviation (s.d.) of the HR were calculated in the 20 s period before arousal (baseline). Heart rate was considered significantly changed, if the HRV during each arousal was more than 2 s.d. above the calculated baseline (this is minor modification of criteria [15] [16] [17] which used a 20% change from baseline).
Respiration
Thermistors to measure airflow and a strain gauge to assess respiratory effort were used to measure respiration. Respiration changes were considered present if both channels showed lower or higher frequency, or altered amplitude (sigh), compared with the baseline.
EEG
During an arousal, abrupt EEG changes (i.e., reduced amplitude and increased frequency of at least 3 s which may have included theta, alpha, and/or frequency >16 Hz but not spindles) were considered EEG changes. 18 We modified the Sleep Disorders Atlas Task Force of the American Sleep Disorders Association's definition for duration of EEG changes from 1 to 3 s to allow better detection of change using standard visual scoring of arousals. [15] [16] [17] The findings were compared with the EEG during the baseline.
Cortical
Arousal events that were accompanied with X3 s change in EEG (decreased amplitude and increased frequency which may include theta, alpha and/or frequency >16 Hz but not spindles, according to American Sleep Disorders Association) were considered cortical arousal. To be called a cortical arousal at least one more criterion for example, body movement (see above) was needed but the criteria could also include changes in heart rate and/or respiration (see below).
Sub-cortical
Body movements accompanied by changes in heart rate and/or respiratory changes were considered sub-cortical arousals if there were no EEG changes indicating a cortical arousal. Heart rate changes were considered present when the s.d. of heart rate (measured by beat to beat heart rate variability) was >2 s.d. of the 20 s preceding baseline. Since the respiratory signal is more variable and susceptible to movement artifacts and unlike the QRS in ECG has a variable waveform, changes in frequency and/or amplitude were considered to be a significant change from baseline. A single augmented breath or sigh was also considered to be a respiratory change. At least two variables (including body movement) must be present to score as an arousal. When the EEG also indicates changes (see above) the arousal is scored as 'cortical'.
Statistics
A power analysis of the data showed that a 9% difference in means for the arousal durations could be detected with 0.8. power and 80% difference in the inter-arousal interval could be detected with a 0.8 power.
To assess for the individual variability of each infant and because the data were non-parametric a repeated measures ANOVA was performed by backwards, stepwise, multiple, linear regression of log 10 transformed arousal duration and log 10 transformation inter-arousal interval, using sleep state, age, sleep position, and pacifier use as independent variables. When the ANOVA showed a significance level better than or equal to p of 0.05 the backward stepwise removal of factors was done until only the significant ones remained. These are the significance values reported in the results. A w
2 test was used to analyze the distribution of arousal types, ECG, respiratory, and EEG changes. A P-value of <0.05 was considered statistically significant.
The Stanford University panel on Human Subjects in Medical Research approved this study, and written informed consent was obtained from all parents.
Results
A total of 544 spontaneous arousals were scored during sleep. Arousals lasting longer than 1 min were considered to be awakenings and were not further analyzed. In 524 (96%), the heart rate was increased more than 2 s.d. above the baseline. Heart rate changes were not dependent on age (P ¼ 0.39) or on sleeping position (P ¼ 0.89). The respiratory channels showed changes in 492 of arousals (90% of 544). Respiratory changes were not dependent on age (P ¼ 0.88) or on sleep position (P ¼ 0.15). The EEG signal was not interpretable due to artifacts in 129 arousals (24%). There were no EEG changes in 137 arousals (25%). In 239 arousals (44%) desynchronization was seen in the EEG; however, the baseline EEG was already desynchronized in all of these cases. Cortical arousal type of EEG changes were seen in 39 arousals (7%). More cortical arousals were seen with increasing age: 5% at 1 month, and 12% at 3 month (P<0.05). Arousals during indeterminant sleep were not analyzed. A total of 487 arousals during active and quiet sleep were analyzed by repeated measures testing.
The distribution of arousal durations and inter-arousal intervals relative to their durations for all of the infants in the two scored sleep states are shown in Figures 1 and 2 . Most of these arousals were <30 s in duration. Arousals were significantly shorter at 3 months compared with 1 month regardless of sleep position in AS: 10 (3 to 47) s vs 18 (3 to 58) s, median (range), respectively (P ¼ 0.0019). Arousals were significantly shorter in QS compared to AS at 1 month, 7 (3 to 57) s vs 18 (3 to 58) s, median (range) (P ¼ 0.0001) (Figure 3 ). There was no effect of age on interarousal interval. The median duration of the interval between successive arousals in AS at both 1 and 3 months was longer in prone than in supine position 2. (Figure 4 ). There was no significant effect of pacifier use/non-use.
Discussion
We examined the occurrence of spontaneous arousals in infants, at 1 and 3 months of age, in prone and supine sleep position. By 3 months of age, infants have more cortical arousals. No differences were seen in the percentage of cortical arousals in prone and supine sleep position. The median duration of arousals (based on body movement and heart rate variability) was longer in 1-monthold infants compared with 3 months of age. In QS, at 1 and 3 Fewer arousals in prone preterm sleep RL Ariagno et al months of age, the frequency of arousals (i.e., interval between arousal longer) was less compared with active sleep. These findings support that spontaneous arousals during QS were less frequent that is, fewer compared with active sleep. Furthermore, the frequency of arousals was less with prone sleep position at 1 and 3 months during AS and at 1 month during QS. Previous studies have examined the occurrence and duration of spontaneous arousals in infants. 9,19 -23 Our current study provides some insights about the most useful parameters to identify cortical and sub-cortical spontaneous arousals in preterm infants. In our study, HR was increased to 2 s.d. above baseline in 96% of the episodes, and the heart rate signal was usually without movement artifacts (1%). The two respiratory channel tracings showed changes in 90% of arousals. The American Sleep Disorders Association's criteria for scoring the EEG changes during arousal include reduction of amplitude and increase in frequency for at least 1 s. 17 Changes in amplitude and increase in frequency occurred in only 7% of the total arousals. In 57% of the arousals at 1 month, the EEG was desynchronized, but there were already periods of desynchronization in the baseline. A 1 s criterion for detecting EEG changes visually was considered inadequate for the infant and was, by consensus, increased to 3 s. [15] [16] [17] In 25% of the arousals, the EEG could not be scored, due to movement artifacts.
Our previous reports 8, 9 and those by Curzi-Dascalova et al. 15, 24 have shown that heart rate changes related to arousals are the most consistent, and most readily detectable variable and respiratory changes could not be used in many cases because of artifacts. In the present study, EEG changes consistent with spontaneous cortical arousal were seen in 5 and 12% of arousals at 1 and 3 months corrected age. In contrast, other investigators 15 have reported (accepting a minimum of 1 s EEG change), that 73% of arousals had EEG changes during the first 10 days of life and only 6% of events could not be scored because of artifacts in EEG and only 21% of the arousals had no EEG change.
Kahn et al. 20 found, in term infants studied in a sleep laboratory overnight, that the duration of spontaneous arousals is shorter and that they are less frequent in prone sleep. Our findings confirm that they are less frequent in prone sleep. Kahn et al. used eye opening as a criterion for spontaneous arousals. This does not seem appropriate for the preterm infant since in our study, eye opening was observed in only 17.5% of the arousals.
In a previous report from our group, Goto et al., 9 we did not find differences in the occurrence of arousals in the prone and supine sleep position at 36 week postmenstrual age (PMA). However, in that study, we found decreased awakening in prone. Myers et al. 23 found similar results at 31 to 36 week PMA. These investigators have shown heart rate variability changes as a function of sleep position that is, heart rate was higher and heart period variability was lower in prone. 25 This group also showed that the prone sleeping position promoted a shift in EEG activity towards slower frequencies. During active sleep there was a lower EEG power in prone sleep. 26 A similar trend was seen during quiet sleep.
Our findings confirm the apparent differences in arousal between prone and supine sleep position, previously shown by Groswasser et al. 27 which examined arousals after obstructive apnea events; and Franco et al. 13 and Horne et al. 11 in their study of arousal threshold after auditory and air-jet provoked arousals in term infants. In this study, we found a higher frequency of spontaneous arousals during supine sleep position which is consistent with previous reports for different evoked arousals. 11, 13, 22, [28] [29] [30] [31] Horne et al., 10 found increased threshold of air jet applied alternately to the nares induced arousals during prone sleep in preterm infants at 2 to 3 months but not at 5 to 6 months of age. This finding may be important since it shows a decrease in arousal at 2 to 4 months, which is the period of greatest vulnerability for SIDS (2 to 4 months). These results taken together with our present findings for spontaneous arousal suggest that arousal deficiency may indeed be a contributory factor in the mechanism of death during prone sleep in preterm infants.
We have previously reported 8 that, despite common 'lay public' belief, prone position does not substantially increase sleep at 1 or 3 months of age. However, there was a decrease in the number of spontaneous sleep transitions and decreased heart rate variability during sleep in prone sleeping preterm infants. 8 As arousal, sleep transitions and increased heart rate variability are protective mechanism for life threatening stimuli, we believe that these factors may contribute to the increase in the vulnerability of infants during prone sleep.
An important clinical issue regarding the recommendation for supine sleep is that very low birth weight (i.e., gestational age <32 week and birth weight <1500 g, VLBW) preterm infants have been reported to have a higher rate of non-supine sleep position particularly in the period of highest risk (1 to 4 months) of SIDS. 32 This is an alarming finding. The two main reasons for this sleep position practice cited by mothers who participated in that study were (1) prone positioning of these infants while in the nursery and (2) mothers/care givers believe that infants are sleeping less in supine. The prone sleeping position which is used during the time they have acute respiratory problems should not be continued after hospital discharge. 33 Parents are influenced by observing newborn intensive care staff placing their infant prone up to the time of discharge and consequently may not feel comfortable using supine sleep position for their infant when they are home. We have previously recommended that supine sleep position be introduced at least 1 week before discharge to show staff and parents that the infant is stable and doing well in this sleep position. 33 We agree with Stastny et al. 34 and Bullock et al. 35 that nursery staff are the most important in getting the 'Back to Sleep' message to the parents through a culturally grounded educational intervention before discharge home. We have not found a significant decrease in Figure 4 Sleep state inter-arousal interval at both 1 and 3 months of age. During active sleep inter-arousal interval was longer in prone both at 1 and 3 months of age (P ¼ 0.0023). During quiet sleep at 1 month of age inter-arousal interval was longer in prone than supine sleep (P ¼ 0.003). Note: The median duration of the interval between successive arousals in active sleep (AS) at both 1 and 3 months was longer in prone than in supine position 2.3 (0.2 to 18) min vs 1.7 (0.2 to 8) min, median (range) P ¼ 0.0023 and 2.1 (0.2 to 11.8) min vs 1.7 (0.2 to 7.6) min, median and (range) P ¼ 0.0023, respectively. At 1 month there were significantly longer intervals in prone vs supine for QS, 7 (0.2 to 18) min vs 1.5 (0.4 to 31) min, median (range) P ¼ 0.0031 respectively. sleep during supine sleeping position 8, 9 in our preterm infants. 33 We agree with American Academy of Pediatrics recommendations that side sleeping is not a good alternative sleep position. 36 Other investigators, 6, 37 have reported a higher odds ratio for SIDS for term and preterm infants with side sleep position. Given the results of our studies in preterm infants that is, higher spontaneous arousal, more awakenings and increased heart rate variability during supine sleep with no significant change in total sleep time support a potential mechanism for why supine is the best sleeping position for preterm and term infants.
In conclusion, this study has demonstrated that sub-cortical arousals defined by gross body movement together with HR changes are the most common spontaneous arousal mechanism in preterm infants. Arousals are less frequent (intervals longer between successive arousals) in prone, which may in part explain the increase in risk of SIDS during prone sleep. 38 
